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(57) Abstract: The present invention 
pertains to the use of quasione-di- 
mensional transition metal ternary 
compounds MxHyHa^ (where M is a 
transition metal Mo, W, Ta, Nb; H 
is sulfur (S), selenium (Se), tellurium 
(Te); Ha is iodine (I)) and of doped 
quasi -one-dimensional transition metal 
ternary compounds MxHyHaz, (where 
M=Ta, Ti, Nb; H is sulfur (S), selenium 
(Se), tellurium (Te); Ha is iodine (I)) 
with elements of group lb (silver (Ag), 
gold (Au), or copper (Cu)) as electron 
emitters under the influence of an 
external electric field. The percentage 
of quasi-onedimensional transition 
metal ternary compounds and/or doped 
quasi -one-dimensional transition 
metal ternary comp>ounds doped with 
elements of group lb in the active 
material ranges from 0.01 to 99.9 the rest consisting of additives in the form of conducting, non-conducting or semi-conducting 
compounds or composites. Electron emission takes place at a pressure below 1 mbar. 
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Use of Quas±-one-d±menslonal Trans±-k±on Me-bal Ternary 
Compounds and Quasx-one-dimensxonal Transxlslon Me-tal 
Chalcogenxde Compounds as Electron Emx-b-bers 



The object of the invention is the use of cjuasi-one- 
dimensional transition metal ternary compounds MxHyHaz 
(where M is a transition metal Mo, W, Ta, Nb; H is sulfur 
(S) , selenium (Se),' tellurium (Te) ; Ha is iodine (I)) and 
of doped quasi-one-dimensional transition metal ternary 
compounds MxHyHaz (where M=Ta, Ti, Nb; H is sulfur (S) , 
selenium (Se) , tellurium (Te) ; Ha is iodine "(I)) with 
elements of group lb (silver (Ag) , gold (Au) , copper (Cu) ) 
as electron emitters under the influence of an external 
electric field, i.e. for cold electron emission (^^cold 
cathode") . 

Electron emitters are used in various commercially 
available devices. Conventional emitters, used in cathode 
tubes, are usually made of tungsten wire or other materials 
with a low surface work function that emit electrons when 
heated (Shan I, Physics Word, 45, June (1997) . Lately, vast 
research is being conducted on the so-called cold electron 
emitters which release electrons due to electric field 
intensity. Known devices based on cold electron emission 
may essentially assume two geometric forms. The first form 
consists in very sharp electron-emitting tips arranged in a 
specific configuration, this being achieved through 
elaborate photolithographic techniques. Said tips are 
generally made of silicon, molybdenum or tungsten, although 
recently, considerable progress has been made in the use of 
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diamond powder with a specific lattice configuration, or a 
coating of such diamond powder or of similarly structured 
carbon on other microtips (Kumar N. et al., U.S. Pat. No. 
5,199,918 of 04. 06. 1993). Additionally, it is possible to 
use microtips shaped as thin wires and scales of various 
materials including carbon (Q. Wang et al., App. Phys. 
Lett. 70, 24, pp. 3308 (1997). With the first method, 
highly complex lithographic techniques are required to 
fabricate the tips. Moreover, tips not made of diamond have 
a relatively short life span due to resistive heating, 
which gives rise to tip erosion. Both problems can be 
overcome by making use of diamond microtips, for proper 
operation, however, high anode voltage is required. 

According to the second method, the device based on 
electron emission relies on low or negative electron 
affinity of the surface which is usually made of diamond or 
of diamond-like carbon (Kumar N. et al., U.S. Pat. No. 
5,341,063 of 08. 23. 1994; Valone S. N. et al., U.S. Pat. 
No. 5,602,439 of 02. 11. 1997). The second method likewise 
requires a high anode voltage which rather complicates the 
operation of the device. To improve functionality, diamond 
or diamond-like carbon with various lattice-structure 
defects have been employed (Jaskie J. E. et al . , U.S. Pat. 
No. 5,619,092 of 04. 08. 1997) and some other improvements 
have been introduced (Habermann et al., J. Vac. Sci. Tech. 
B16, p. 693, 1998; Patterson D. E. et al.. Mat. Res. Soc. 
Symp. Proc. 509, 1998) . 

In recent years new nanomaterials, particularly carbon 
and BxCyNz nanotubes have been found to constitute a 
promising source for electron emission (Zettl A. et al., 
U.S. Pat. No. 6,057,637 of 05. 02. 2000). Due to. the shape 



wo 2004/013884 




:T/SI2003/000027 



- 3 - 



of these nanomaterials as such the stability of the cathode 
current is good as opposed to metal tips which lose 
sharpness, over time, and work voltages are lower as 
compared to diamond powder. There are still several 
problems hampering their application, however - primarily 
the non-homogeneity of the material due to the uncontrolled 
synthesis and the problem of the ■ disposition of the 
nanotubes with respect to the substrate (De Heer W. A. et 
al.. Science 270, 1179 (1995)), although there have been 
attempts to reduce these disadvantages with new methods of 
synthesis . 

Therefore, the following drawbacks are exhibited by 
conventional cold electron emitters: the wear and tear of 
the metal tip, the elaborate and costly tip fabrication 
technique wherein a diamond is required, the high anode 
voltage, and, for nanomaterials, the low definition or 
reproducibility of the emitters. 

It is the object of the present invention to disclose 
and utilize such materials for fabricating cold electron 
emitters that will allow emitters to function in a stable 
and lasting manner, to be readily manufactured, and to 
operate at low anode voltages. 

According to the invention, said object is achieved by 
employing quasi-one-dimensional transition metal ternary 
compounds and quasi-one-dimensional transition metal 
chalcogenide compounds as electron emitters, as defined by 
the independent patent claims. 

The invention shall now be described with reference to 
two preferred embodiments thereof and illustrated in the 
accompanying drawings, in which: 
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Fig. 1 schematically shows a measuring cell for 
measuring cold emission; 

Fig. 2 shows the material made of bundles of MoSz-ylx 
nanotubes which is employed as the electron emission source 
in an external electric field; 

Fig. 3 is a typical picture on the screen created by 
electrons emitted from bundles of MoSa-ylx nanotubes; 

Fig- 4 is a diagram showing the voltage dependence of 
the emission current from MoS2-yIx; 

Fig, 5 shows the time stability of the emission 
current of bundles of MoSa-ylx nanotubes; 

Fig. 6 shows the material made of Agx(NbS4)4ly used as 
electron emission source in an external electric field; 

Fig. 7 is a typical picture on the screen created by 
electrons emitted from Agx (NbS4) 4ly; 

Fig. 8 is a diagram showing the voltage dependence of 
the emission current from Agx (NbS4) 4ly; 

Fig- 9 shows the time stability of the emission 
current from Agx (NbS4) 4ly. 

The present invention relates to the use of quasi-one- 
dimensional transition metal ternary compounds MxHyHaz 
(where M is a transition metal Mo^ Ta, Nb; H is sulfur 
(S), selenium (Se), tellurium (Te) ; Ha is iodine (I)) and 
of doped quasi-one-dimensional transition metal ternary 
compounds MxHyHaz (where M=Ta, Ti, Nb; H is sulfur (S) , 
selenium (Se) , tellurium (Te) ; . Ha is iodine (I)) with 
elements of group lb (silver (Ag) , gold (Au) , or copper 
(Cu) ) as electron emitters under the influence of an 
external electric field. The percentage of quasi-one- 
dimensional transition metal ternary compounds and/or doped 
quasi-one-dimensional transition metal ternary compounds 
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doped with elements of group lb in the active material 
ranges from 0,01 to 99.9 %, the rest consisting of 
additives in the form of conducting^ non-conducting or 
semi-conducting compounds or composites. 

In accordance with the invention said materials are 
employed as the cathode emitter material in devices based 
on electron emission under the. influence of an external 
electric field. Electron emission takes place at a pressure 
below 1 mbar. 

First Embodiment 

Use of bundles of MoS2-yIx nanotubes for electron 
emission 

Bundles of MoS2-yIx nanotubes are used as cold emitter. 
The emission . characteristic of the bundles of MoS2-yIx 
nanotubes (that is,, the emission current I in dependence of 
the voltage U) employed as the cold electron emitter 
(cathode) is measured in high vacuum. The measurement of 
cold emission in a measuring cell of the type used in our 
research is schematically depicted in Figure 1. It is based 
on a glass vacuum vessel with two metal electrodes. The 
measuring cell consists of a protective resistor 1, an 
anode 2 with a screen, an ion-getter pump 3, a nano-emitter 
4, a voltage source 5, and an ammeter 6. The protection 
resistor is a 33 MOhm carbon (graphite-ceramic) resistor. 
The anode 2 is the positive electrode which at the same 
time serves as the screen in the FEM, thus allowing the 
pattern produced by the emitted electrons to be observed, 
said screen consisting of a 5-micrometers-thick layer of 
granular luminescent substance (the average grain size 
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being 1.2 micrometers). The liiminescent substance is 
labeled P-43 and its chemical structure is Gd202:Tb, coated 
with an aluminum evaporation layer 90 nm thick. The ion- 
getter pump 3 is a vacuum pump based on discharge in a gas 
and diffusion. For the measurement, a Leybold Heraeus IZ30 
pump was used. The nano-emitter 4 is the negative 
electrode, namely the cathode in the FEM. In this 
embodiment the nano-emitter consists of bundles of MoSz-ylx 
nanotubes. Both the nano-emitter 4 and the anode 2 are in a 
high vacuum. As voltage supply 5, a precision stabilized 
rectifier Thorn EMI, model PM 28B was used. The anode 
voltage was varied in the range of 600 to 2800 V. The 
current was measured with a Keithley model 485 picoammeter 
5. The eye symbol designates the direction of observation 
of the emitted light. 

The bundles of MoS2-yIx nanotubes were attached on the 
0.1 mm thick Ni sheet with silver paste which ensures good 
-electrical contact with the conducting substrate; The brand 
used was SPI Flash dry, 4999AB paste, supplied by SPI 
Supplies for the preparation of samples for scanning 
electron microscopy- A sample of bundles of MoS2-yIx 
nanotubes with a mass of approx. 3 mg is shown in Figure 2. 
It was applied on the tip of the metal conductor by means 
of the same paste, at a distance a from the anode. Prior to 
measuring the emission, the sample was pumped for several 
hours at room temperature, and subsequently for another 3 
hours at 200° C. The current-voltage characteristic and the 
emission stability of the thus prepared sample were 
measured at room temperature. The first tests were 
performed at a distance* a=20±l mm, wherein it was possible 
to visually observe the emission pattern at high currents. 



wo 2004/013884 




:T/SI2003/000027 



- 7 - 



With this measurement it was confirmed that the measured 
current is definitely a consequence of cold emission 
through vacuum and not a consequence of a leaking 
insulation. The typical picture on the screen created by 
electrons emitted from the bundles of MoSa-ylx nanotubes is 
shown in Figure 3. The voltage was 5 kV. The subsequent 
measurements of the voltage dependence of the current and 
of the time dependence of the current were carried out at a 
distance a=5±l mm. The anode voltage was varied in the 
range of 600 to 28 00 V. The current was measured with a 
picoammeter 6. 

The readout was recorded with a personal computer 2.8 
times per second- At the maximum voltage of the power 
supply 3000 V the voltage on the emitter was 2770 
whereas the emission current reached the value of 1 \iA as 
shown in Figure 4. The measurement of the time stability of 
the emission current over a period of 16 hours showed the 
emission of electrons from the bundles of MoSa-ylx nanotubes 
to be relatively stable. Figure 5. 

Second Embodiment 

Use of Agx(NbS4)4ly for electron emission 

As cold emitter Agx(NbS4)4ly is used. The emission 
characteristic of Agx(NbS4)4ly (that is, the emission 
current I in dependence of the voltage U) employed as the 
cold electron emitter is measured in high vacuum. The 
measurement of cold emission as used in our research is 
schematically shown in Figure 1 and is analogous to the 
first embodiment- 
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4 itig of Agx(NbS4)4ly as shown in Figure 6 were first 
attached to a 0.1 mm Ni foil by means of a conducting 
binder (SPI, silver paste for SEM) , whereupon the foil was 
glued on the tip of the metal conductor using the same 
adhesive, at a distance a from the anode 2. Prior to 
measuring the emission, the sample was pumped for several 
hours in the FEM at room temperature, and subsequently for 
another 3 hours at 200° C. The current -voltage 
characteristic, and the emission stability of the thus 
prepared sample were measured at room temperature . The 
first tests were performed at a distance a=20±l mm, where 
it was possible to visually observe the emission pattern at 
high currents. With this measurement it was confirmed that 
the measured current is definitely a consequence of cold 
emission through vacuum and not a consequence of a leaking 
insulation. The typical picture on the screen created by 
electrons emitted from the bundles of Agx(NbS4)4ly nanotubes 
is shown in Figure 7.' 

The subsequent measurements of the voltage dependence 
of the current and of the time dependence of the current 
were carried out at a distance a=5±l mm. The anode voltage 
was varied in the range of 600 to 2800 V, as can be seen in 
Figure 8. The current was measured with a picoammeter 6. 
The readout was recorded with a personal computer 2 . 8 times 
per second. At 2800 V the voltage on the emitter was 1750 
V, whereas the emission current reached the value of 30 yA. 
The measurement of the time stability of the emission 
current over a period of 330 hours showed the emission of 
electrons from the Agx(NbS4)4ly material to be relatively 
stable - 
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Materials based on quasi-one-dimensional transition 
metal ternary compounds MxHyHaz (where M is a transition 
metal Mo, W, Ta, Nb; H is sulfur (S) , selenium (Se) , 
tellurium (Te) ; Ha is iodine (I)) and/or doped quasi-one- 
dimensional transition metal ternary compounds MxHyHaz 
(where M=Ta, Ti, Nb; H is sulfur (S), selenium (Se) , 
tellurium (Te) ; Ha is iodine (I)) doped with elements of 
group lb (silver (Ag) , gold (Au) , or copper (Cu) ) are thus 
used as electron emitters under the influence of an 
external electric field. The percentage of quasi-one- 
dimensional transition metal ternary compounds and/or doped 
quasi-one-dimensional transition metal ternary compounds 
doped with elements of group lb in the active material 
ranges from 0.01 to 99.9 the rest consisting of 

additives in the form of conducting, non-conducting or 
semi-conducting compounds or composites. Electron emission 
takes place at a pressure below 1 mbar.. 

It is to be understood that electron emitters under 
the influence of an external electric field that are made 
of materials based on quasi-one-dimensional transition 
metal ternary compounds MxHyHaz (where M is a transition 
metal Mo, W, Ta, Nb; H is sulfur (S), selenium (Se) , 
tellurium (Te) ; Ha is iodine (I)) and/or doped quasi-one- 
dimensional transition metal ternary compounds MxHyHaz 
(where M=Ta, Ti, Nb; H is sulfur (S) , selenium (Se) , 
tellurium (Te) ; Ha is iodine (I)) doped with elements of 
group lb (silver (Ag) , gold (Au) , or copper (Cu) ) , wherein 
the percentage of quasi-one-dimensional transition metal 
ternary compounds and/or doped quasi-one-dimensional 
transition metal ternary compounds doped with elements of 
group lb in the active material ranges from 0.01 to 99.9 %, 



wo 2004/013884 




:T/SI2003/000027 



the rest consisting of additives in the form of conducting^ 
non-conducting or semi -conducting compounds or composites 
are likewise considered to be within the scope of the 
present invention . 
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Pateni: Claims 

1. Use of materials based on quasi-one-dimensional 
transition metal ternary compounds MxHyHaz (where M 
is a transition metal Mo^ Ta^ Nb; H is sulfur 

(S), selenium (Se) , tellurium (Te) ; Ha is iodine 
(I)) and/or doped quasi-one-dimensional transition 
metal ternary compounds MxHyHaz (where M=Ta, Ti, 
Nb; H is sulfur (S) , selenium (Se) , tellurixim 
(Te) ; Ha is iodine (I)) doped with elements of 
group lb (silver (Ag) , gold (Au) , or copper (Cu) ) 
as electron emitters under the influence of an 
external electric field. 

2- Materials according to Claim 1, characterized in 
that the percentage of quasi-one-dimensional 
transition metal ternary compounds and/or doped 
quasi-one-dimensional transition metal ternary 
compounds doped with elements of group lb in the 
active material ranges from 0.01 to 99.9 %, the 
rest consisting of additives in the form of 
conducting^ non-conducting or semi-conducting 
compounds or composites. 

3. Use of materials according to Claims 1 and 2, 
characterized in that electron emission takes 
place at a pressure below 1 mbar. 

4 . Electron emitters under the influence of an 
external electric fields characterized in that 
they are made of materials based on quasi-one- 
dimensional transition metal ternary compounds 
MxHyHaz (where M is a transition metal Mo^r W, Ta, 
Nb; H is sulfur (S) , selenium (Se), tellurium 
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(Te) ; Ha is iodine (I)) and/or doped quasi-one- 
dimensional transition metal ternary compounds 
MxHyHaz (where M=Ta, Ti, Nb; H is sulfur (S), 
selenium (Se) , tellurium (Te) ; Ha is iodine (I)) 
doped with elements of group lb (silver (Ag) , gold 

(Au) , or copper (Cu) ) , 

Electron emitters according to Claim 4, 
characterized in that the percentage in such 
materials of quasi-one-dimensional transition 
metal ternary compounds and/or doped quasi-one- 
dimensional transition metal ternary compounds 
doped with elements of group lb in the active 
material ranges from 0.01 to 99.9 the rest 

consisting of additives in the form of conducting^ 
non-conducting or semi-conducting compounds or 
composites . 

Use of materials according to Claims 4 and 5^ 
characterized in that electron emission takes 
place at a pressure below 1 mbar. 




Figure 1 




sear aw^iuble copv 



wo 2004/013884 



0 0 ' 



3/5 



T/SI2003/000027 



l.OOE-05 



I.OOE^OS 



1400 1600 1806 i2Q0O 2200 2400 2600 



2800 




I.OOE-tt 



1.00E-12 



Figure 4 



Vdlt^gd (V) 



1.00E-05 



o 



1.00E-06 




Time(T) 



Figure 5 



BEST AVAILABLE COPY 



ft 




:T/SI2003/000027 



Figure 7 



RfrST AVAILABLE COPY 



wo 2004/013884 



5/5 



T/SI2003/000027 



1.:00E-04 



^ . i.OOE-05 
1 

8 



i.ooE-oe 




Figure 8 



800 900 -1060 1100 IgOd 1300 . 140O 1500 16D0 1^0 1800 

Voltage (\0 



1 



lU 



3.5x10-5-^ 
^.0x10-5 

2.0x1 b-^- 

t;5x10^- 
1.0x10-3 

6.0x1 0-« 
0.0 




0 



100. 



200 300 
Time [h] 



400 



Figure 9 



RPJTT AVAILABLE CX)PY 



INTERNATIONAL SEARCH REPORT 



Internatli 



ppllcation No 



PCT/S^fe/00027 



A. CLASSIFICATION OF SUBJECT MATTER^ - , 

IPC 7 HOlJl/304 HOlJl/312 



According to International Patent Classlflcatton (IPC) or to both national dassiftoatlon and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by dassiflcallon symbols) 

IPC 7 HOIJ 



Documentation searclied other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (nante of data base and, where practical, search terms used) 

EPO-Internal , PAJ, INSPEC 



C. DOCUMEI^TS CONSIDERED TO BE RELEVANT 



Categoiy « 



Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,A 



DENG ET AL: "ANew type of One-Dimensional 
Compound: Structure of Nb4(Te2)4Te4I" 
ACTA CRYST. 

vol. C49, '- 1993 pages 1135-11237, 

XP009022502 

Abstract 

page 1136, right-hand column 

MEMANIC ET AL.: "Field-emission 
properties of molybdenum disulfide 

nanotubes" 

APPLIED PHYSICS LETTERS, 
vol. 82, no. 25, 

23 June 2003 (2003-06-23), pages 

4573-4575, XP001156683 

AIP 

abstract 

-/- 



1,4 



1,4 



Further documents are listed in the continuation of Ixnc C. 



□ 



Patent famDy members are listed in annex. 



Special categories of cited documents : 

■A' document defining the general stale of the a(t.whlch Is not 

considered to be of particular relevance 
'E' earlier document but published on or after the International 

filing date 

*L* document which may throw doubts on priority claim(s)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0' document refening to an oral disclosure, use. exhibition or 
other means 

docunnent published prior to the International filing date but 
later than the priority date claimed 



'T" later document published after the international flting date 
or priority date and not in conflict with the application but 
cited to understand the prindple or theory underlying the 
invention 

•X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

•Y' document of particular relevance; the claimed Invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person sidlled 
In the art 

*&* document member of the same patent family 



Date of the actual completion of the International search 



10 December 2003 



Date of mailing of the international search report 



18/12/2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRi]swiik 
Tel (-#51-70) 340-2040, Tx. 31 651 epo nJ. 
Fax: (+31-70) 340-3016 



Authori2ed officer 



Centmayer, F 



Fbim PCT/ISA/210 (second she^) (July 1992) 



INTERNATIONAL SEARCH REPORT 


IntemaulQ^Application No ^' 

PCT/^^/00027 


C.(Contlnuatlon) DOCUMENTS CONSIDEREl^O BE RELEVANT 


Category * 


Citation of document, with indicatlon.where appropriate, of ihe relevant passages 


Relevant to claim No. 


A 
A 

P,A 


SCHMIDT ET AL.: "Nb2Se2I6: a New 

Structural Variation of Niobium 

Chalcogenide Halldes with Chain Structure" 

Z ANORG. ALLG. CHEM , 

vol. 625, 1999, pages 1059-1072, 

XP009022501 

Weinheim 

6RESSIER ET AL.: "New one-dimensional Vb 
Transition Metal Tetrachalcogenides 
structural an Transpot Properties" 
JOURNAL DE PHYSIQUE, 
vol. 44, no. 06 SUPPL, 
June 1983 (1983-06), pages 
C3-1741-C3-1743, XP009022505 

REMSKAR ET AL. : "Metallic Sub-Nanometer 
MoS2-xIy Nanotubes" 
ADV. MATER., 
vol. 15, no. 3, 

5 February 2002 (2002-02-05), pages 

237-240, XPOOl 156524 

Weinheim 





Foim PCT/ISA/210 (oontinuation of second sheet) (July 1992} 



